Abstract. The assumption that faint carbon stars in the Magellanic Clouds are on the early asymptotic giant branch (E-AGB) stage is verified using the population simulation technique. We suppose that these stars are formed as a result of the mass transfer in close binary systems, while the primary is a carbon star on the AGB stage. The computed luminosity functions for carbon stars in the E-AGB stage for different initial heavy element abundances and different laws of the mass-loss rate are presented. The expected amount of the E-AGB carbon stars must be comparable with the amount of carbon stars in the thermal-pulsing (TP-AGB) stage. The position of some faint carbon stars of the Magellanic Clouds on the HR diagram is compared with the theoretical E-AGB and TP-AGB tracks.
Introduction
After exhaustion of helium in the central regions of low and intermediate mass stars, helium starts burning in a shell which moves gradually outwards, while the carbon-oxygen core contracts and heats up by the gravitational energy release. Stars enter the double shell phase and settle onto the asymptotic giant branch (AGB). In the first part of the AGB evolution, the so-called early stage of AGB (E-AGB), the hydrogen burning shell extincts and helium burns in a thin shell providing most of the energy reaching the stellar surface. Towards the end of the E-AGB stage, hydrogen is reignited in a thin shell, and helium burning continues in the form of the periodic thermal pulses. The thermal-pulsing AGB (TP-AGB) stage begins.
A characteristic feature of the TP-AGB stage is the surface enrichment by the material processed in the helium shell flashes by the third dredge-up mechanism. Since carbon is the main product of helium reactions, its abundance in the envelope of an AGB star should increase with time. According to the modern stellar evolution theory, during the TP-AGB stage the carbon to oxygen ratio (C/O) in the envelope of a star gradually increases. When C/O becomes greater than unity, the star is observed as a carbon stax.
Both theory and observations (see, for example, Vassiliadis and Wood 1993 , Groenewegen and de Jong 1993 , 1994 , show that the minimum luminosity of carbon stars in the TP-AGB stage is about Afboi = -3.0 mag. However, according to the low-dispersion survey of carbon stars in the SMC (Rebeirot et al. 1993) , carbon star candidates with Mboi > -3 mag are found. The result is supported by the JHK photometry (Westerlund et al. 1992) . Thus, there are carbon stars with the luminosities which indicate that they are not on the TP-AGB phase.
The main objective of this work has been to determine the eventual evolutionary status of carbon stars in the Magellanic Clouds, which are too faint to be in the TP-AGB stage. The main idea is that these stars develop their chemical peculiarities (carbon enrichment) in the process of the mass transfer in close binaries. It was assumed that during the TP-AGB stage the primary (more massive) component, when being a carbon star, transfers the carbon-enriched material by the Roche lobe overflow to the secondary component. If the carbon enrichment of the primary is sufficiently large, the carbon abundance may'exceed the oxygen abundance in the atmosphere of the secondary star. During the subsequent evolution, the former secondary (after the mass transfer it is now carbon enriched) component reaches the E-AGB stage and is observed as a carbon star with the luminosity lower than that for normal N-type stars.
Computational details
We have obtained theoretical populations of AGB stars using the technique of population simulation. A population of stars is selected according to the probability that they presently are on the AGB.
The relevant population luminosity function is calculated using the evolution of individual stars. Briefly, we generate a large number of single and binary stars, and for every star and binary system component we trace their evolution. The procedure is explained in more detail by Frantsman (1986 Frantsman ( , 1992 . Here, we shall cast a glance only at some aspects.
A large number of stars was generated from the given initial mass function and the birth-rate history. Since it takes much time to calculate AGB star models using the detailed evolutionary programs, most relevant stellar characteristics in the AGB phase can be approximated by analytic formulae derived from stellar model calculations. Iben (1981) and Renzini and Voli (1981) were pioneers in using such a procedure. The results of such calculations are called the "synthetic" AGB evolution. This is possible due to the fact that most stellar characteristics on the AGB phase depend primarily on just the core mass. We have calculated the theoretical populations of stars on the AGB for the Salpeter initial mass function and a constant stellar birth-rate. The changes in the abundances due to the first and second dredge-up are taken into account.
The evolution of stars in the TP-AGB phase was followed using the formulas by Iben and Truran (1978) and Renzini and Voli (1981) , and on the E-AGB phase those by Iben and Renzini (1983) . It was assumed that at each thermal pulse, an amount of mass AM d redge -AAA/ C is added to the envelope, were AM c is the core mass growth during the proceeding interpulse period and A is the dredge-up efficiency. In accordance with results, we have adopted the value 0.1 for the coefficient A in the stars with a low mass core.
Special attention must be paid to the problem of mass-loss by stars on the AGB. In our evolutionary calculations the mass-loss rate is represented by the Reimers (1975) 
3 aLR/M, ¡where L,R and M denote the star's luminosity, radius and mass in solar units, a is a dimensionless quantity usually taken to be of the order of unity.
The observations, however, suggest that apart from the conventional stellar wind, the other mechanism (except for planetary nebulae ejection) also operates during the AGB phase, substantially increasing the mass-loss. Without allowing for a very intensive massloss during the AGB stage, one cannot understand the luminosity distribution of carbon stars in the Magellanic Clouds, the mass distribution of white dwarfs in the solar neighborhood and some other Frantsman 1986 Frantsman , 1989 . A quantitative agreement of theoretical investigations with observations would require more rapid mass-loss with increasing luminosity on the AGB. Since the physical nature of such intensive mass-loss is controversial, it has been suggested to call this process a superwind (Renzini 1981 ).
In our calculations, an abrupt tenfold jump in the mass-loss rate for the AGB stars reaching a certain luminosity is suggested (o=l for A/bol > ~5.5 mag and a=10 for Mbol < -5.5 mag). This assumption is supported by the IRAS observations of the LMC stars (Reid et al. 1990 ) which lead to the conclusion that the AGB stars pass through two stages, with mass-loss about 10 times faster for Mbd < -5.5 mag than is usual for the less luminous AGB stars. Our scenario of the formation of low luminosity carbon stars assumes that the mass was transferred from a carbon AGB star by Roche lobe overflow to its companion, which, as a result of this process, becomes a carbon-enriched star. If the overabundance of carbon with respect to oxygen is sufficiently large, the secondary component, after the mixing of the falling material with all matter of the secondary star (if the star is on the main sequence) or with the envelope (if the star is on the subgiant, giant or E-AGB phase), also becomes a carbon star. It is assumed that 50% of the matter which is lost from the Roche-lobe-filling component is transferred to its companion and that 50% of all stars are close binaries. We generate a large number of single and binary stars and for every system we trace the evolution of the components (as well as for every single star). We trace the evolution of binary components born simultaneously and having a Salpeter initial mass distribution. Some of the primary components fill their Roche lobes being on the AGB stage, but the secondary can be a main sequence star, subgiant, giant or E-AGB star. The distribution of binary stars over the primordial semi-major axes A is taken as dN ~ A~1dA, and the distribution over the mass ratio q (q = M2/M1, here Mi and M2 are masses of the primary and secondary components) is taken as dN/dq =const for 0.1 <q<l (Popova et al. 1982) . The time interval is taken as 10 4 yr.
According to our assumption, faint carbon stars in the Magellanic Clouds are on the E-AGB stage of evolution. Investigations of the frequency of stars with diverse physical parameters usually were neglecting this stage. As a result, some wrong conclusions have been inferred. As an example, the papers by , and Alongi and Chiosi (1990) may be mentioned.
Some consequences of mistakes in the identification of the E-AGB and TP-AGB evolutionary stages axe described by Frantsman (1994).

The main results
The results of simulation of the carbon star population (the samples of luminosity functions) are plotted in Figs. 1-3. In Fig. 1 the theoretical luminosity functions of the E-AGB carbon stars are represented for heavy element abundance by mass Z=0.002 and for Fig. 1 . The effect of different mass-loss laws on the luminosity function of the E-AGB carbon stars. The heavy element abundance is Z~0.002. N is the number of carbon stars in A/bol interval for every 10 6 stars formed in accordance with the Salpeter initial mass function and a constant stellar birth-rate. The following values of the mass-loss coefficient a in the Reimer's law are accepted: the solid line is for a=l, the dashed line is for a=l, if Mbol > -5.5 mag, and a=10, if Mb 0 l < -5.5 mag. Fig. 2 . The effect of different heavy element abundances Z on the luminosity function of the E-AGB carbon stars. N is described in Fig. 1 . The solid line is for Z=0.002 and the dashed line is for Z=0.005. two different mass-loss laws. It is obvious that slower mass-loss allows one to reach a larger C/O ratio in the envelope of a TP-AGB star (the primary component of a close binary). As a result, more carbon stars in the E-AGB stage (secondary components) may be observed. Fig.  2 shows the influence of initial abundance of heavy elements to the amount of carbon stars in the E-AGB stage. It is evident that lower initial oxygen abundance at lower heavy element abundance needs less carbon to be added to the atmosphere to produce C/0>1. The theoretically obtained luminosity functions of carbon stars in the E-AGB and TP-AGB stages are shown in Fig. 3 for an initial heavy element abundance Z=0.002 and for a tenfold jump in the rate of mass-loss for AGB stars up to Mbol --5.5 mag.
The most significant result is a substantial extension of the carbon star luminosity towards the lower luminosities as compared to the TP-AGB carbon stars. The expected number of stars in these two stages is comparable. There are two reasons why the faint carbon stars in the Magellanic Clouds have been discovered only recently: they are apparently fainter in comparison to the TP-AGB stars and have higher effective temperatures. This has been shown by the precise stellar evolution calculations by Lattanzio (1991) .
A comparison of the observed positions of the carbon stars with theoretical evolutionary tracks on the HR diagram is shown in As it was described above, the carbon stars in the E-AGB stage may be formed as a result of mass transfer in close binary systems. The mass transfer may take place when the secondary component is a main sequence star (case I), subgiant (II), giant (III) or E-AGB star (IV). Table 1 gives the number of carbon stars in the E-AGB stage (for 10 6 stars formed in accordance with the Salpeter initial mass function and a constant stellar birth-rate) formed in cases I, II, III and IV of the mass transfer, for different initial heavy element abundances and different mass-loss law coefficient (et-1 and 10 denotes that a=l, if Mboi > -5.5 mag and a=10, if M\,oi < -5.5 mag). The Table shows that the majority of faint carbon stars has been formed as a result of the subsequent evolution of the main sequence carbon stars (case I). 
Conclusions
The results of the synthetic population calculations for carbon stars in the E-AGB stage are presented. It was assumed that these stars are formed as a result of the mass transfer in close binary systems. It is shown, that faint carbon stars observed in the Magellanic Clouds may be formed according to this evolutionary scenario. The number of the E-AGB carbon stars, being very sensitive to the initial heavy element abundance, should be comparable with the number of the TP-AGB carbon stars. It is likely that such stars cannot be formed in the Galaxy because of the comparatively high initial heavy element abundance. The majority of the E-AGB carbon stars in the Magellanic Clouds are formed from main-sequence stars.
